Aims. Using the CoRoT space based photometry of the O-type binary HD 46149, stellar atmospheric effects related to rotation can be separated from pulsations, because they leave distinct signatures in the light curve. This offers the possibility of characterising and exploiting any pulsations seismologically. Methods. Combining high-quality space based photometry, multi-wavelength photometry, spectroscopy and constraints imposed by binarity and cluster membership, the detected pulsations in HD 46149 are analyzed and compared with those for a grid of stellar evolutionary models in a proof-of-concept approach.
Introduction
HD 46149 is a member of the young open cluster NGC 2244 in the heart of the Rosette Nebula, and one of the targets observed by the CoRoT satellite (Baglin et al. 2002) , during the short run SRa02 as part of the asteroseismology programme (Michel et al. 2006) . There is a general agreement about the spectral type of HD 46149: it is catalogued as an O8.5V star (e.g. Jaschek 1978; Walborn & Fitzpatrick 1990) , an O8.5V((f)) 1 (e.g. Massey et al. 1995) and as an O8V star (e.g. Keenan 1985; Mahy et al. 2009 ). The last authors also confirm that HD 46149 is actually a binary system with a suspected hot B-type companion, although their ⋆ The CoRoT space mission was developed and is operated by the French space agency CNES, with participation of ESA's RSSD and Science Programmes, Austria, Belgium, Brazil, Germany, and Spain. dataset of radial velocity measurements did not suffice to determine the orbit. Conforming the expectations that a massive main sequence star of this type does not exhibit a strong stellar wind, Garmany et al. (1981) deduced a weak wind in the primary with a mass loss rate of logṀ = −7.7 ± 0.3 from CIV resonance lines in IUE observations. The known distance of 1.6 ± 0.2 kpc to the cluster and age estimate of 1-6 Myr (Bonatto & Bica 2009) , makes this system a suitable candidate for asteroseismology. Moreover, we can assume that the chemical composition is similar to that of the cluster, effectively fixing the metallicity to Z = 0.014 with solar mixture (Asplund et al. 2005 ) and a hydrogen mass fraction of X = 0.715 (Przybilla et al. 2008 ). In the past, no serious attempts have been made to perform asteroseismological modelling of O stars owing to the lack of detected oscillations. This is primarily because the pulsation amplitudes are low, and there is possibly contamination by variable stellar winds. There is some observational evidence of pulsations in late O-type stars: spectroscopic line profile variations with amplitudes of ∼ 5 km s −1 have been detected and connected to nonradial pulsations in, e.g., ξ Persei and λ Cephei (de Jong et al. 1999) . Also in photometry, variations have been detected and likely related to pulsation (e.g., Walker et al. 2005; Rauw et al. 2008) . However, possible cyclical modulation of the wind makes the search for nonra-dial pulsations particularly troublesome, since the relevant frequency domains overlap. It is still an open question whether these mass outflows are connected to pulsations, to a nonhomogeneous magnetic field at the surface of the star (Hubrig et al. 2008) , or to yet another phenomenon.
The low spectroscopic amplitudes translate to photometric amplitudes below mmag level, which is difficult to detect from the ground, but is within reach of CoRoT's high-precision spacebased photometry. The high duty cycle is fit for monitoring full rotation cycles, capturing both the influence of the wind and pulsations.
In addition, a spectroscopic campaign has been set up involving 3 different telescopes, partially overlapping with the CoRoT observations and continuing over the months following the CoRoT run, to find clues to the open questions in the field of O-type star pulsations and stellar winds. The observations are summarised in Table A. 1.
In the following sections, we use the grid of non-rotating stellar models computed by one of us (MB) with the evolutionary code CLÉS (Code Liégeois dÉvolution Stellaire, Scuflaire et al. 2008b) , for interpretating the O9V star HD46202. We used the OPAL2001 equation of state (Rogers & Nayfonov 2002; Caughlan & Fowler 1988) , with nuclear reaction rates from Formicola et al. (2004) for the 14 N(p, γ) 15 cross-section. Convective transport is treated by using the classical mixing length theory of convection (Böhm-Vitense 1958) ). For the chemical composition, we used the solar mixture from Asplund et al. (2005) . We used OP opacity tables Seaton (2005) computed for this mixture. These tables are completed at log T < 4.1 with the low-temperature tables of Ferguson et al. (2005) . In the calculations, a static atmosphere and no mass loss were assumed.
We fixed the metallicity to Z = 0.014 and the hydrogen mass fraction to X = 0.715, according to the values derived for the cluster, and in agreement with the solar neighbourhood (Przybilla et al. 2008 ). We considered a mass range between 20 and 28 M ⊙ in steps of 0.1 M ⊙ and overshoot parameters α ov = 0.0 -0.5 pressure scale heights in steps of 0.05. To better match the observed binary system, the grid was extended to 35 M ⊙ in steps of 0.5 M ⊙ and an overshoot parameter of α ov = 0.2.
Afterwards, for each main-sequence stellar model, we calculated the theoretical frequency spectrum of low-order p-and g-modes with a degree of the oscillation up to ℓ = 4 using a standard adiabatic code for non-rotating stellar models (Scuflaire et al. 2008a) ). In Sect. 2, we use the CoRoT light curve to analyse the long-and short-period variability. In Sect. 3 we use the spectra to characterise the binary system to determine the fundamental parameters of the components, and end with a remark on the absence of spectroscopic variability.
Given all observational constraints, we finally interpret the short-and long-period variations in the CoRoT light curve in Sect. 4 in terms of rotation and stochastically excited pulsations, respectively.
The CoRoT data

Frequency analysis
The CoRoT satellite observed HD 46149 from 2454748.48856 HJD for 34 days with a sampling rate of 32 s (Fig. 1) . In the frequency spectrum of the reduced light curve 2 , we still see some 2 N2 level data available at http://idoc-corot.ias.u-psud.fr instrumental effects, and distinguish the large-amplitude, lowfrequency signal from the low-amplitude high-frequency signal. In the following, we first remove most of the instrumental signal. Then, the low-frequency signal is separated from the highfrequency signal to analyse them separately, mainly focusing on the latter.
All flagged observations in the light curve were removed. The decreasing trend in the CoRoT light curve was removed by dividing by a linear fit, since it is visible in almost all CoRoT targets and is thus considered to be of instrumental origin (Auvergne et al. 2009 ).
The SAA crossing is a semiperiodic event and causes the strongest aliasing effect in the Fourier window, at ≈ 13.97 d −1 . This is coupled to a semiperiodic dip in the light curve at the same position, introducing an artefact that is related both to sampling and flux variations. Because of the semiperiodic nature of the event, it is difficult to completely remove it from the light curve. However, since the nonharmonic signal with nearly constant frequency is heavily confined to specific bandwidths at regular intervals, we minimised the effect by first converting the light curve to Fourier space by iterative linear prewhitening, and then removing all signals related to frequencies outside the interval 13.97±0.05 d −1 . We assumed that the remainder of the signal is only due to the orbit of the satellite, and removed that signal by fitting a 50th order spline of 3rd degree to the phasediagram of the dominant frequency, determined with the phase dispersion minimization procedure (Stellingwerf 1978) to account for the highly non-sinusoidal form of the signal. The parameters for the spline fit were fixed empirically, to optimally capture the discontinuity with a relatively low number of knot points. The raw Fourier periodogram with the orbital influence still present, the orbit model, and Fourier periodogram of the cleaned signal are shown in Fig. 2 .
On the fully reduced light curve, we performed a traditional iterative prewhitening procedure (see, e.g., Degroote et al. 2009a) . Because the first phase diagram has a non-sinusoidal shape, we did not perform a nonlinear fitting procedure using the inadequate sum-of-sines model. Instead, we used the Fourier decomposition to filter out specific bandwidths, between 0 and 0. regions is their self similarity: the autocorrelation of the lowfrequency region reaches the 75% level at ∆t l = 11.76 ± 0.96 d, the mid-frequency region shows a similar pattern when folded on this period (although the autocorrelation attains a maximum at 2∆t l ), and a similar period is recovered in the highest peak in the autocorrelation of the high-frequency signal (∆t h = 11.5 ± 0.1 d) although at much lower amplitude (36%). The resemblance is confirmed by eye from the phase folded light curves with P = 11.7 d (Fig. 3) .
The frequency spacing
After prewhitening the long period signal below 3 d −1 , a prominent frequency spacing is detected in the high-frequency regime. The limit of 3 d −1 is chosen because no dominant higher frequency peaks exist that can contaminate the lower amplitude peaks. Both the autocorrelation of the periodogram and spacing detection algorithms (Degroote et al. 2009b ) uncover a spacing of ∆ f = 0.48 ± 0.02 d −1 , where at least 12 individual members of the spacing can be recovered in the original linear frequency analysis (Fig. 4) .
Fourier transformations of selected pieces of the light curve are unable to reproduce the values of the amplitudes. Specifically, a short-time Fourier transformation is not able to trace any of the frequencies throughout the entire light curve, and the emerging pattern suggests a stochastic nature for the modes (Fig. 5 ). Since the frequency resolution is high enough to adequately separate the different components, this implies that the modes are excited and damped, bearing a resemblance to solar p-modes (Baudin et al. 1994 ). Under such conditions, the mode lifetime can be estimated by fitting Lorentzian profiles simultaneously to N peaks in the power density spectrum P( f ) (e.g., Appourchaux et al. 1998; Carrier et al. 2010) , via
In this equation, H n is the height of the profile of frequency f n , B is the noise level, and Γ the mode line-width at half maximum. The power spectral density is obtained by multiplying the power spectrum with the total time span T . The fit is then performed by minimising
using the Levenberg-Marquardt minimisation algorithm (Fig. 6 ). We decided to fix the mode lifetime to be equal for all the modes, reducing the number of parameters to fit, but removing the ability to constrain mode lifetimes individually. From the fit, we infer an average mode line width of Γ = 1.05 ± 0.15 µHz corresponding to an average mode lifetime of 3.5 Fourier transformations (Fig. 5 ). The fitted mode heights, amplitudes, and frequencies are listed in Table 1 , where the mode amplitude A rms = πHΓ. These amplitudes are not bolometric amplitudes but measured within the CoRoT bandpass (Michel et al. 2009 ).
The error estimates in Table 1 are derived using Monte Carlo simulations. Thousands of different realisations of the light curve were constructed by adding white Gaussian noise to the light curve after prewhitening the long period signal, where the standard deviation σ is determined as σ = σ ′ / √ 2, with σ ′ the standard deviation of light curve after differentiating every two consecutive points. Adding the extra noise to the original light curve results in an increase in the true noise level, making the error estimates conservative.
Since no spectroscopic or multi-colour mode identification is possible for any of the spaced frequencies, we cannot use the traditional forward modelling approach for low-degree modes (Ausseloos et al. 2004, e.g.) to compare theoretical models with the observations. Instead of fitting the frequency values separately, we use the method commonly adopted for solar-like oscillations, where we search for correspondence of both the value of the large frequency spacing, and the range of frequencies where the spacing occurs. Mode identification can then be done using the location of the ridges in theéchelle diagram. In doing so, we want to establish a proof-of-concept, rather than full modelling of the stellar interior.
Before the observed spacing can be compared with stellar models, we have to constrain the star's fundamental parameters. Since we are dealing with a binary system for which no orbital constraints are given in the literature, we first concentrate on the binarity, to characterise the two components.
Orbital and fundamental parameters
Orbital parameters
To construct the radial velocity curve, we used the measurements from Mahy et al. (2009) . They were obtained by averaging the fitted minimum of a Gaussian profile to the bottom halfs of selected HeI lines from high-resolution spectra. To this set of observations, we added high-resolution spectra taken with the Coralie (R ≈ 50 000 Baranne et al. 1996) and Hermes (R ≈ 85 000) Raskin & Van Winckel 2008) twin telescopes Euler (La Silla, Chile) and Mercator (La Palma, Spain). Part of the Coralie spectra were taken simultaneously with the CoRoT light curve. To account for the low signal-tonoise ratio in these spectra (S/N of ∼ 60), the RV were obtained by two independent methods. First, we fitted Gaussian profiles to the HeI 4471 Å, HeI 5875 Å, OIII 5592 Å and SiIV 4088 Å absorption lines and considered the difference of the Gaussian minimum and the rest wavelength 3 as a measure for the radial velocity. Because the upper part of some of these lines show a significant departure from a Gaussian profile (because of blending or additional broadening mechanisms), we only used the lower part of the lines to fit the Gaussian profile. The exact cutoff depth C was determined from a trade-off between the reduced χ 2 of the fit and the number of points used in the fit via
where O i and F i are the observed and fitted spectrum below the normalised continuum level C, σ 2 is the variance, and a minimum in S was pursued. There are consistent offsets in the RV determination from the different lines of ∼ 5 km s −1 . Second, we computed the cross correlation function (CCF), using 8 absorption lines with a minimum below 90% of the continuum flux level between 4300 and 4800 Å, while removing the continuum to suppress the noise. Since we have no appropriate template spectrum, we used the first observed spectrum as a template, losing the ability to calibrate the RV in an absolute way. Instead, we compared the differences in RV estimated with both methods, and concluded that they were consistent with each other within ∼5 km s −1 . As a final value for the RVs, we used the average of the estimations from the Gaussian line profiles, and adopted the spread as a measure for the error.
Next, 2 high-resolution spectra were added from the Harps spectrograph on the La Silla 3.6m telescope (Mayor et al. 2003) , from which the RV were derived in the same manner as described above. Finally, we added the single radial velocity measurement from Underhill & Gilroy (1990) , which was determined via a line-bisector method using a single absorption line.
Because the secondary component in HD 46149 is only marginally visible (Fig. 8) , we first treated it as a single-lined binary. Therefore, we fitted the best Keplerian orbit to the single set of RVs with the generalised least-square method of Zechmeister & Kürster (2009), and improved them using a nonlinear fitting algorithm (Press et al. 1988) (Fig. 7) . The parameter estimations of this long-period, highly eccentric system are listed in the top part of Table 2 . The errors on the parameters were estimated using three methods; (a) bootstrapping 1000 random samples from the observations, (b) comparing the fitted parameters with the values obtained via a weighted fit, where we artificially reduced the influence of the Coralie and Hermes measurements, since they are high in number but have a narrow spread in time. The third method (c) was a Monte Carlo simulation, generating thousands of datasets from the observed values and their estimated uncertainties. Per parameter, the largest error estimate obtained by the three methods was adopted, and are listed in Table 2 .
The mass function for single-lined spectroscopic binaries (Hilditch 2001) follows from the eccentricity, semi-amplitude, Table 2 . The long dashed grey line represents the mean radial velocity γ of the system. Inset is a zoom on the RV measurement of Underhill & Gilroy (1990) , which was done ∼15 years before the first measurement of Mahy et al. (2009) . and period listed Table 2 , and is equal to
Assuming an orbital plane perpendicular to the plane of the sky (i = 90 • ), and a lower limit on the mass of primary of M 1 ≥ 20M ⊙ , we arrive at a lower limit on the mass of the secondary of M 2 ≥ 9.3M ⊙ .
Fundamental parameters
The spectral type of HD 46149 estimated by different authors ranges between O8V((f)) and O8.5V. For better establishing the stellar parameters of the primary component (and obtaining a rough estimation of the parameters of the secondary), we performed a spectroscopic analysis of the averaged Coralie spectrum by means of the stellar atmosphere code FASTWIND (Puls et al. 2005) , because these turned out to have the highest combined S/N. We applied the standard procedure in which a set of H and HeI-II lines in the optical spectra is fitted with synthetic lines from a grid of stellar atmosphere models created to this aim. In the averaging, binarity was taken into account by summing the profiles and assuming different luminosity ratios (F 1 /(F 1 + F 2 ) ∈ [0.5, 1]). The projected equatorial rotation velocity v eq sin i = 30 ± 10 km s −1 of the primary was obtained by applying the Fourier transform method (Gray 1992 , see also Simón-Díaz & Herrero (2007) for a recent application to OBtype stars) to the OIII 5592 Å line. The v eq sin i of the secondary was considered as a free parameter in the analysis. The parameters of the best fit and corresponding model parameters are listed in the top part of Table 2 , where the uncertainties should not be strictly interpreted as the normal standard deviation, since many of the underlying distributions are skewed or are unknown. The spectroscopic solutions of both components lie on model isochrones, within the range expected from the age of the cluster (Fig. 11) . In Fig. 8 , the overall agreement is shown between the predicted and observed shape of the spectral lines. 
Once the spectroscopic parameters are fixed, we can use the profiles to estimate the radial velocity of the companion, although the intrinsic uncertainty is high. In a spectrum from Mahy et al. (2009) taken at maximum velocity separation, we deduced an RV of ∼ 110 km s −1 , which is compatible with the mass range deduced from the effective temperature and gravity from the spectroscopic fit (Fig. 7) . Once the mass ranges of the two companions are fixed, we could deduce the inclination angle from Eq. (1), the semi-amplitude K 2 of the second component via K 2 = (M 1 /M 2 )K 1 , and the semi-major axes from the estimates of a 1,2 sin i (e.g., Hilditch 2001) . These are listed in the second part of Table 2 .
In the bottom part of Table 2 , we also list the radii, luminosities, and masses, fullfilling both the spectroscopic fundamental parameters and the parameters of the computed grid of stellar models. Finally, we note a discrepancy between the spectral energy distribution (SED) of the system and the derived fundamental parameters (see Appendix B).
Spectroscopic variability
Besides a small emission feature at CIII 5696 Å (with an equivalent width of 22.5 ± 0.5 mÅ), there are no clear signs of emission in any of the spectra. We used three different methods to search for line profile variability in a selection of Si, O, He, and H lines: (a) we fitted a Gaussian profile to the lines and searched for variability in the moments (e.g., Aerts et al. 1992) , (b) we calculated Fourier spectra per observed wavelength bin (e.g., Zima 2006) , and (c) we constructed bisectors and searched for variability at different normalised flux levels (e.g., Gray 1992) . Except for the radial velocity shift due to the binary orbit, no significant variability was detected. Table 2 . The fit to the primary companion is shown in solid grey, the fit to the secondary in dashed grey, and the combined fit in red. The Hδ and Hα lines are most sensitive to the gravity, and Hα does not show any signs of a wind (top panels). In the combined HeI6678+HeII6683 and HeI4922 plots, the companion is clearly visible in the blue wing (middle panels). The HeII5410 and HeII4541 are the most sensitive to the difference in temperatures of both components (bottom panels).
Discussion
Origin of the low-frequency variability
The largest variations in the CoRoT light curve of HD 46149 take place on long time scales of days. Because of the relatively short time span of the observations, this unavoidably means those features are only seen for a few cycles, so are poorly resolved. In Table A .3, we list the amplitudes and frequencies of the most prominent peaks, with a S/N above 4, calculated over a 6 d −1 interval in the periodogram before prewhitening. The listed error estimates are formal errors, assuming isolated peaks. Most of them, however, are relatively close to each other (∆ f ∼ 1/T = 0.03 d −1 ), making it difficult to draw conclusions on the individual peaks.
One possible way of interpreting the low frequency peaks is that they originate from g mode pulsations. However, the first frequency f 1 = 0.08373 d −1 is clearly nonsinusoidal, because the first harmonic ( f 2 = 0.17506 d −1 ) is also detected. From Fig. 3 , we see that these two frequencies generate a pattern of two consecutive 'bumps' with different amplitudes, which is not a typical pulsation signature (e.g., De Cat & Aerts 2002; De Cat et al. 2009 ). For a nonlinear mode, a distorted phase shape is expected. Also from Fig. 3 , we see that the other high S/N peaks form a pattern that appears at fixed intervals in time, and vanish in between. The timescale between these patterns is similar to the period of f 1 , P = 11.76 d. These considerations led us to conclude that the low-frequency signal is not likely to come from pulsations.
Another possible source of variability are atmospheric features, such as spots or chemically enhanced regions on the sur- Degroote et al.: Pulsations in a O-type star 7 face. The observed variability can then be explained by the appearance and disappearance of such features, either because of repeated creation and destruction or because of the rotation of the star. Here, we favour the second option, because of the signal's self-similarity, and because it is consistent with the spectroscopic determination of v eq sin i = 30 ± 10 km s −1 . With this assumption and an estimate of the radius R = 13 ± 2 R ⊙ (see Table 2 ), we derive an inclination angle
with a lower limit of 20
• . The ambiguity concerning the possibility that 2P is the true rotation period of the star is resolved by this argument, because no inclination angle is able to explain such a low projected rotational velocity. We note the strong discrepancy up to a factor of two, with the projected rotational velocity of ∼ 70 km s −1 from, e.g., Uesugi & Fukuda (1970) . These authors assumed the whole broadening of the line profiles to be caused by rotation, while several studies have shown that this hypothesis may be incorrect in O and B stars (see, e.g., Ryans et al. 2002; Simón-Díaz & Herrero 2007) . In contrast to previous estimations, we used the Fourier transform technique which, in principle, allows separating rotational broadening from other nonrotational broadenings in OB-type stars (Simón-Díaz & Herrero 2007 ).
An important source of spectroscopic line profile variations in O stars is cyclical wind variability (e.g., Henrichs et al. 2005) . Due to having only one weak emission line (CIII 5696), which is thought to be formed by photospheric overpopulation (Leparskas & Marlborough 1979) , and the absence of Hα emission, we deduce that HD 46149 has a very weak wind, in agreement with the result of Garmany et al. (1981) . Although the S/N is too low to detect periodic variations in the spectra, there are faint hints that the wind is not constant. This is seen in the higher noise level of the amplitudes in the red wing of the hydrogen profiles than in the blue wing. In contrast, it is possible to detect the accumulated effect of all line profile variations in the broadband integrated photometry performed by the CoRoT satellite. The predicted observed variation in the equivalent width of a specific spectral line to account for, e.g., a 0.02% amplitude in the light curve can be calculated as follows. First, a normalised observed spectrum is rescaled to a Fastwind model atmosphere of T eff = 35 000 K and log g = 4.0. Next, the calibrated spectrum is multiplied by the response curve of the CoRoT Asterochannel and normalised to have unit area. Finally, the equivalent line width variation of the model is predicted by rescaling the desired flux percentage to the normalised flux level. These calculations predict that an EW variation of 0.94 Å at 4000 Å, 0.67 Å at 5000 Å, and 1.14 Å at 6000 Å would separately all amount to a 0.02% integrated flux change. The influence on one specific line is much less, since the EW variation is spread over many lines. Given these numbers and the consideration that the flux continuum is also susceptible to variability, it is no surprise that we were unable to detect variability in the sparse timeseries of low S/N spectra.
The frequency spacing
From theéchelle diagram (Fig. 10) , we can see the similarity with stochastically excited solar-like oscillations in low-mass stars, which are interpreted as pressure modes in the asymptotic frequency regime. From an initial extrapolation of the scaling law of Kjeldsen & Bedding (1995) , the observed separation of ∆ f = 0.48 d −1 (or 5.5 µHz) is too small to be the large separation, and too large to be the small separation. To investigate this discrepancy further, we used the grid of stellar evolution models.
Starting from the list of adiabatic frequencies for these models, we searched for frequency spacings in the ℓ = 0, 1 modes between ∆ f = 0.2 d −1 (2.3 µHz) and ∆ f = 3 d −1 (34.7 µHz), where a small deviation of 0.1 d −1 was allowed from exact equidistance. We noticed that the extrapolated predicted frequency spacing from Kjeldsen & Bedding (1995) ,
is only valid for models near the terminal-age main sequence (TAMS) where the spacing value is low. The model grid used in this paper, gives a slightly lower constant of proportionality of 120.4±1.4 for massive stars above 20 M ⊙ . We note, however, that the calculated frequencies are low-order p-modes (n ≤ 10), so the law of Kjeldsen & Bedding (1995) might not be applicable in this case.
From the spacing search analysis of the CLÉS models, we deduced that, for low-degree modes, ∆ f is above 3 d −1 at the zero-age main sequence, and gradually decreases to values around 1 d −1 and lower as the star evolves towards the TAMS, because of the increase in radius (Fig. 9) . At the same time, the lower limit of the eigenfrequencies where the spacings occur, decreases from ∼25 d −1 (290 µHz) to ∼5 d −1 (58 µHz). We searched for the models in the grid for which both the spacing and the frequency values best match the observations. The best-fitting models were determined via a χ 2 -like statistic,
where a minimum in S is searched for, resulting in those models where the average difference between the model frequencies and observed frequencies is minimal. From the location of the best-fitting models in the log T eff -log g diagram (Fig. 11) , we inferred that they are located on a line of almost constant density, in agreement with what is known from the theory of stellar oscillations. We assumed that the observed spacing is half of the large separation between ℓ = 0 modes (and thus the separation between ℓ = 0 and ℓ = 1) which is observed: a large separation of ∆ f would mean the star is at the end of the main sequence ( Fig. 9) , which is incompatible with spectroscopy. Thus, we assumed ∆ f 0,1 = 0.48 d −1 . From this analysis, we inferred the following relation between the effective temperature and gravity for models with the observed spacing: log g = −1.20 + 1.06 log T eff .
Using the observed T eff = 36000 ± 1000 K, the latter fit predicts a gravity of log g = 3.63 ± 0.02 (cgs), which is compatible with the observed value of log g = 3.7 ± 0.1 (cgs) of the primary component of HD 46149. We compared the calculated frequency spectrum of two models for the primary on the log g − T eff line defined above, with the observed frequency spectrum in Fig. 10 . The parameters of the models are listed in Table 3 . Overall, there is good agreement between the location of the ridges at high frequency, although the frequency values do not fit well individually. At lower frequencies, the observed frequencies deviate significantly from the model frequencies. We attribute this to the fact that, in the models, the spacing only appears above ∼ 50 µHz (Fig. 9 ), making the low frequencies more sensitive to other parameters than the global mean density. In a future, more in-depth Table 3 . Two representative models with overshoot parameter α = 0.2 for the primary component of HD 46149, which show the observed spacing between the ℓ = 0, 1 modes. study of the pulsational characteristics of HD 46149, the discrepancies between the observed and theoretical frequency values should be accounted for. The lowest frequencies in the spacing could add additional constraints on the model physics.
Conclusions
We discovered modes with a finite lifetime in a massive O star binary system, for which we determined the orbital parameters, and constrained the fundamental parameters of both components spectroscopically. We removed the large-scale photometric variations, which we argued are due to changing features in the stellar atmosphere compatible with the rotational cycle of the star, instead of pulsations. The exact origin of this variability is unknown, but could be attributed to spots, stellar winds, or chemical inhomogeneities. After removing of these features, we interpreted the remaining signal as low-order pressure modes with a finite lifetime. Similar modes have been claimed before in the massive β Cephei star HD 180642 by Belkacem et al. (2009) , and were interpreted as solar-like oscillations, excited by the convective region induced by the iron opacity bump (Belkacem et al. 2010 ). In the case of HD 46149, the frequency separation is compatible with the characteristic spacing between ℓ = 0, 1 modes in stellar models. The observed spacing led to a mean density of the star, which is in good agreement with the parameters of the system derived from spectroscopy. In a follow-up study, in-depth seismic modelling of this very massive binary will be considered by computing a fine but extensive grid of stellar models with various choices of the input physics, to try and fine-tune the physics for the most massive stars. Our observational results constitute a suitable starting point for in-depth seismic modelling of this very massive binary. Table A .1 contains a list of the spectroscopic observations. The first column shows the time of observation, the second column the instrument used, and the third and fourth columns the exposure time and S/N, respectively. Table A .2 lists the literature photometry. The first column denotes the wavelength range or average wavelength of the response function. The second and third columns denote the photometric system and the name of filter. The last columns contain references to the catalogues used or instruments. Table A .3 is a list of all high S/N frequency peaks with their respective amplitudes. The S/N is computed by dividing the amplitude through the average noise level in the periodogram over a 6 d −1 interval in the periodogram.
Appendix B: Spectral energy distribution
The SED of the system can be used as an independent test for the derived fundamental parameters in Sect. 3.2. Some uncertainty is introduced, however, because the Balmer discontinuity is located in the far UV part of the spectrum, which is potentially heavily distorted due to extinction effects. Still, many flux measurements are found in the literature in a broad spectral range (Table A. 2), which can be used to infer that there is little or no dust surrounding HD 46149, since no significant infrared excess is observed (Fig. B.1 ). The SED also delivers an independent measure for the radius of the primary component, assuming a radius ratio of both components, via 
